Tachycardia-induced cardiomyopathy is characterized by ventricular systolic dysfunction and congestive heart failure resulting from persistent or highly frequent tachyarrhythmias with uncontrolled heart rate. While reversible and often considered benign, few studies have examined the outcome of the disorder.
premature beats. [4] [5] [6] [7] While tachycardia-induced cardiomyopathy usually presents with significant cardiac enlargement, reduced ventricular wall thickness, and impaired ventricular contraction similar to dilated cardiomyopathy, the cardiac abnormalities normalize with control of the tachyarrhythmia and heart failure. [8] [9] [10] Although tachycardia-induced cardiomyopathy is believed to be benign, few reports have described the outcome of this condition since it was first recognized in 1913. 8, 11, 12) However, sudden death and heart failure recurrence after normalization of cardiac function was recently reported in tachycardia-induced cardiomyopathy suggesting that careful follow-up is required. 12) In this study, we investigated the clinical characteristics and long-term outcome in patients with tachycardia-induced cardiomyopathy.
METHODS
Patients: This study included 12 consecutive patients (9 men, 3 women; mean age, 51.9 ± 17.6 years; range, 12 to 72 years) who were admitted to our hospital from January 1999 to December 2004 with congestive heart failure due to tachycardia-induced cardiomyopathy (Table) . A patient was included if they developed heart failure after the onset of tachyarrhythmia and demonstrated reversal of cardiac dysfunction after controlling the tachycardia. All patients underwent an echocardiogram on admission and after improvement of congestive heart failure and cardiac catheterization including left ventriculography and a coronary angiogram. Patients with heart failure caused by a condition other than tachyarrhythmia, such as ischemic heart disease, valvular heart disease, and drug-or alcoholinduced cardiomyopathy, were excluded. Treatment: Selection of antiarrhythmic therapy was based on the individual tachyarrhythmia. If indicated, catheter ablation was considered to control heart rhythm. However, catheter ablation was not available for atrial fibrillation at the time of entry into this study. Cardioversion was attempted to restore sinus rhythm in patients with atrial fibrillation. Rate control therapy was optimized with Holter recording. Beta-blockers were administered in all patients who required rate control and the dose was increased if tolerated. Verapamil and/or digoxin were combined with beta-blockers when required. Follow-up: After achieving control of the tachycardia and heart failure, patients were discharged and followed-up at an outpatient clinic every one to two month(s). Patients whose tachyarrhythmias were successfully ablated visited the clinic once a year or more frequently. Data analysis : We assessed the clinical characteristics, treatment efficacy, and the long-term outcomes of patients with tachycardia-induced cardiomyopathy. All numerical data are presented as the mean ± SD. Paired values were compared Vol 49 No 1 using the paired Student's t-test. Time-to-event curves describing the proportion of patients who remained event-free were constructed using the Kaplan-Meier method. All statistical analyses were performed with SPSS, version 12.0 (SPSS Inc, Chicago, IL). Differences were considered significant at P < 0.05.
RESULTS

Patient characteristics:
The Table presents the clinical characteristics of patients enrolled in this study. The mean period from the occurrence of symptoms due to tachyarrhythmias to the hospitalization due to congestive heart failure was 26.0 ± 34.3 days (range, 3 to 120 days). Mean heart rate on admission was 156.3 ± 28.7 beats/min (range, 100 to 200 beats/min). All patients had severe cardiac dysfunction with a mean New York Heart Association functional class of 2.3 ± 0.5 (range, 2 to 3) and a mean left ventricular ejection fraction of 0.32 ± 0.10 (range, 0.17 to 0.51) as assessed by echocardiography. Mean wall thickness was 9.6 ± 2.2 mm and 9.4 ± 2.0 mm for the septum and posterior wall of the left ventricle, respectively, and no patient had left ventricular hypertrophy. Mean brain natriuretic peptide level on admission to the hospital was 505.7 ± 449.1 pg/mL (range, 14 to 1330 pg/mL). Causative tachycardias: The most likely cause of the heart failure was atrial fibrillation in 3 patients, atrial flutter in 6, atrioventricular nodal reentrant tachycardia in 1, and idiopathic ventricular tachycardia originating from the right ventricular outflow tract in 2. One patient with atrial fibrillation and one with atrial flutter also had an antegrade accessory atrioventricular pathway. One patient with atrial fibrillation (patient 2) had hyperthyroidism treated by methimazole. Treatment of tachycardias: Catheter ablation was performed for the causative arrhythmia and was successful in 6 patients (50%), including 3 patients with atrial flutter, 1 with atrioventricular nodal reentrant tachycardia, and 2 with idiopathic ventricular tachycardia. Two of 3 patients with atrial fibrillation received only medication to control their heart rate, while the remaining patient received both medication for rate control and catheter ablation to eliminate an accessory pathway. Beta-blockers were administered to control ventricular rate in 7 patients (58%), including 4 patients with atrial flutter and 3 with atrial fibrillation. No patient received class I or III antiarrhythmic drugs. Following treatment, the heart rate decreased to 70.8 ± 8.4 beats/min (range, 60 to 86 beats/min, P < 0.001 compared to that at admission) and the New York Heart Association functional class improved by one class in all patients (1.0 ± 0.0, P < 0.001). The ejection fraction recovered to 0.54 ± 0.10 (range, 0.50 to 0.67, P < 0.001) during a mean of 53.5 ± 61.3 days (range, 14 to 240 days) after admission to the hospital. Recurrence of tachycardia-induced cardiomyopathy: During the follow-up period of 53 ± 24 months (range, 6-87 months), 2 patients had a recurrence of tachycardia-induced cardiomyopathy and one died suddenly. The event free rate (free from recurrent heart failure and sudden death) at 3 years was 73% as estimated by Kaplan-Meier analysis (Figure 1 ). All 3 patients with an event received rate control therapy with beta-blockers but not catheter ablation. One patient (patient 5) developed atrial flutter with uncontrolled heart rate during therapy with propranolol ( Figure 2 ). Catheter ablation was refused at the initial episode of tachycar- Figure 1 . Incidence of heart failure recurrence and sudden death. Kaplan-Meier method was used to obtain the event-free curve. Events include recurrence of heart failure and sudden death. dia-induced cardiomyopathy. Another patient with atrial fibrillation (patient 2) was in a hyperthyroid state at recurrence, while thyroid function had been controlled well before the recurrence. The period from the occurrence of symptom onset from tachyarrhythmia to the admission due to recurrence of congestive heart failure was 12 days and 1 day in patients 2 and 5, respectively. The heart rate at presentation of the second episode of heart failure was 130 beats/min (patient 2) and 140 beats/min (patient 5). The ejection fraction declined to a level similar to that of the initial event (0.37 and 0.26 in patients 2 and 5, respectively). Patient 2 received increased dosages of propranolol and methimazole, and patient 5 underwent successful catheter ablation for atrial flutter. After control of tachycardia, the ejection fraction normalized to 0.69 and 0.57 in patients 2 and 5, respectively, and there was no repeated worsening of heart failure for more than 2 years. Sudden death: During the follow-up, one patient with atrial flutter died suddenly 48 months after the presentation of tachycardia-induced cardiomyopathy (patient 7). This death was unexpected and there were no prior symptoms suggesting tachyarrhythmia or congestive heart failure. At the initial presentation of heart failure, cardiac function was severely depressed with the highest level of brain natriuretic peptide in this study group (Table) . No cardiac disease or hypertrophy was identified as a cause of heart failure by echocardiogram or catheterization. Catheter ablation was rejected and carvedilol was administered with enalapril. Cardiac dysfunction persisted, requiring approximately 8 months for recovery of the ejection fraction to 0.52. During follow-up, the heart rate had been well controlled at around 80 beats/min at his visit to the outpatient clinic and he had continued receiving carvedilol and enalapril. A: A 52-year-old man presented with congestive heart failure accompanied by a decreased left ventricular ejection fraction of 0.29 and atrial flutter with a heart rate of 160 beats/min. B: After 2 months, the ejection fraction normalized to 0.65 with maintenance of sinus rhythm and conventional treatment for heart failure. C: The patient redeveloped heart failure with an ejection fraction of 0.26 three months after recovery from the initial event. D: The ejection fraction normalized to 0.57 again with successful catheter ablation and control of heart failure.
A B C D DISCUSSION
In this study, tachycardia-induced cardiomyopathy occurred about 1 month after the development of causal tachyarrhythmia based on the symptoms and cardiac function recovered to a normal level after approximately 2 months. Although the recurrence of heart failure and sudden death occurred after normalization from cardiac dysfunction in 3 of 12 patients (25%), this disorder is considered reversible. Recurrent cardiac dysfunction: There were 2 patients with recurrent worsening of congestive heart failure, possibly due to uncontrolled tachyarrhythmia, although 1 patient was also in a hyperthyroid state when the cardiac dysfunction reappeared. In tachycardia-induced cardiomyopathy, recurrent cardiac dysfunction was still reversible to the prior normal level. However, an uncontrolled heart rate led to heart failure more rapidly at the second episode compared to the first one, suggesting that latent myocardial disorder is persistent after normalization of cardiac dysfunction. Some findings in human and animal studies support the hypothesis. In experimental models, cardiomyopathy induced by rapid pacing is associated with several changes in myocardial structure and function, and apoptosis. 6, 13, 14) Some of these changes persist after the discontinuation of pacing. Myocardial glucose metabolism is impaired in patients with tachycardia-induced cardiomyopathy and the abnormality continues for at least 6 months despite improvement in cardiac function. 15) Sustained myocardial abnormalities may provide a substrate for recurrence of heart failure.
Interestingly, the patients who experienced sudden death or recurrent heart failure seemed to have severe systolic dysfunction; the mean left ventricular ejection fraction was 0.27 and 0.37 in patients with and without the events in this study, and 0.20 and 0.28 in the previous study, although the causes of sudden death are unknown.
12) An index of severity of heart failure may be a useful predictor of future events in tachycardia-induced cardiomyopathy. Sudden death: Sudden death occurred after normalization of cardiac function in 1 of 12 patients in this study, and this was consistent with a previous study describing 3 cases of sudden death out of 24 patients with tachycardia-induced cardiomyopathy.
12) Therefore, it is suggested that tachycardia-induced cardiomyopathy may increase the risk of sudden death, while it is unclear whether either ventricular tachyarrhythmia degenerated by supraventricular tachyarrhythmia or acute hemodynamic collapse facilitates sudden death. Recently, the recovery of cardiac dysfunction was also reported in patients with aborted sudden death and supraventricular tachyarrhythmia. 16) Treatment: There was no recurrence of heart failure or sudden death in patients whose tachyarrhythmia was successfully ablated. Similarly, recurrence and sudden death occurred only in patients with atrial fibrillation who had not received catheter ablation in a previous study. 12) Uncontrolled tachyarrhythmia with a rapid ventricular rate, especially atrial fibrillation, may be critical for recurrent heart failure as well as sudden death in tachycardia-induced cardiomyopathy. Therefore, complete control of tachyarrhythmia is particularly important for long-term management.
To avoid future critical events, catheter ablation can be the first choice as curative treatment for most causative tachyarrhythmias of tachycardia-induced cardiomyopathy because of a high success rate that exceeds 95%. 17) Recent advances in understanding the mechanism and catheter methods enable the elimination of atrial fibrillation, but the recurrence rate is not still sufficient, and the long-term efficacy and indication are not yet fully understood. [18] [19] [20] Antiarrhythmic drugs may serve as an alternative treatment modality. Pharmacological therapy for atrial fibrillation/flutter has 2 objectives: rhythm control and rate control. However, the effects of antiarrhythmic drugs on maintenance of sinus rhythm are also insufficient and antiarrhythmic drugs may have unintended adverse effects. 21, 22) Moreover, we demonstrated a recurrence of heart failure and sudden death during optimized rate-control treatment, suggesting that the efficacy of pharmacological rate control is incomplete to prevent future events. Catheter ablation of the atrioventricular node and pacemaker implantation can promise complete control of heart rate from treatment-refractory supraventricular tachyarrhythmias. 20, 23, 24) Study limitation: Our study population is small and further studies with larger numbers of patients are necessary to clarify the risk of recurrence of heart failure or sudden death. The duration of time from the tachyarrhythmia onset to development of congestive heart failure was not accurate because tachyarrhythmia onset was defined by symptom. Treatments to control tachyarrhythmias were diverse and not administered systematically. Comparison of the efficacy of each therapy was also difficult to assess. One patient had acute exacerbation of hyperthyroidism when heart failure recurred due to an uncontrolled heart rate of atrial fibrillation. Finally, the etiology in one patient who died suddenly was unknown because an autopsy was not performed. Conclusions: In tachycardia-induced cardiomyopathy, recurrent heart failure with uncontrollable tachycardias and sudden death were observed during the long-term follow-up. Although cardiac dysfunction is reversible, a substrate for heart failure or fatal arrhythmia may persist, mandating strict control of tachyarrhythmia.
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